Introduction
The need for reliable atomic data in the study of astrophysical problems is well-known.
In spectrum synthesis work, particularly as applied to chemically peculiar (CP) stars, accurate knowledge of transition probabilities and oscillator strengths for heavy and rareearth elements is essential to establishing reliable abundances for reliable abundances for these species [1] . Atomic transition probability is a key parameter for a determination of the chemical composition of the stars.
The triply ionized cerium (Ce IV) ion is expected to have a simple electronic structure, with a single valence electron outside a complete 5p 6 subshell. Ce IV has ground configuration 5p 6 4f and excited states of the type 5p 6 nl. There is substantial spectroscopic literature concerning triply ionized cerium (Ce IV), though less than for the neutral or other ionized species. The first classified lines in the spectrum the 6s−6p doublet, were given by Gibbs and White [2] . The spectrum of condensed spark of cerium was investigated in the ultra-violet, and doublet combinations in Ce IV were found by Badami [3] . The first set of energy levels, with 5p 6 5d as the ground configuration, was given by Lang [4] . Lang succeeded in locating the 4f−5d multiplet and, indeed, established 5p 6 4f as the ground configuration [5] . The 6d 2 D term found by Lang was puzzling in that it was inverted and had a very large fine-structure splitting [6] . The compilation of the energy levels of Ce IV was given by Martin et al. [7] . Migdalek and Baylis studied the relative importance of relativistic effects, core polarization and relaxation in ionization potentials for Ce IV [8] ,
and reported relativistic single-configuration Hartree-Fock oscillator strengths for 6s-6p transitions in Ce IV [9] . The single-configuration relativistic Hartree-Fock ionization potentials were computed by using the froze-core and relaxed-core approximations with and without allowance for core polarisation by Migdalek and Bojara [10] . Migdalek and Wyrozumska calculated oscillator strengths obtained using the relativistic model potential core-polarization (RMP+SCE+CP), and with empirically adjusted exchange and corepolarization (RMP+EX+CP) for the 6s-6p, 5d-6p, 4f-5d, 5d-5f, 5d-6f, 6p-6d, and 6p-7d transition arrays [11] . Zhang et al. reported the first lifetime measurements for triply ionized atoms using laser spectroscopic techniques in the studies of Ce IV [12] . Energies, transitions rates, and electron-dipole-moment enhancement factors for Ce IV were performed using relativistic many-body perturbation theory by Savukov et al. [13] . Reader and Wyart reported wavelength measurements and energy levels for the three-time ionized cerium atom [14] . Zilitis [15] calculated oscillator strengths by the Dirac-Fock method for the resonance transitions of Ce IV. Glushkov [16] presented oscillator strengths of Cs and Rb-like ions.
In this work, we have presented relativistic energies, Landé g-factors and lifetimes for the levels of 5p 6 nf (n = 4 − 30), 5p 6 np (n = 6 − 30), 5p 6 nd (n = 5−30), 5p 6 ng (n = 5−30) and 5p 6 ns (n = 6 − 30) configurations, and the transition parameters, such as the wavelengths, oscillator strengths, and transition probabilities, for electric dipole (E1) transitions between these levels in triply ionized cerium (Ce IV). Calculations have been carried out by the relativistic Hartree-Fock (HFR) method [17] . This method considers the correlation effects and relativistic corrections. These effects make important contribution to understanding physical and chemical properties of atoms or ions, especially lanthanides. 
Method of calculation
In this work, the calculations were performed by using the HFR method [17] . We will here introduce this method briefly.
In HFR method [17] , for N electron atom of nuclear charge Z 0 , the Hamiltonian is expanded as 
is the spin-orbit term, with α being the fine structure constant and V the mean potential field due to the nucleus and other electrons.
In this method it is calculated single-configuration radial functions for a spherically symmetrized atom (center-of-gravity energy of the configuration) based on Hartree-Fock method. The radial wave functions are also used to obtain the total energy of the atom (E av ) including approximate relativistic and correlation energy corrections. 
If determinant wave functions are used for the atom, the total binding energy is given by In this method, relativistic corrections have been limited to calculations to the massvelocity and the Darwin corrections by using the relativistic correction to total binding energy. The total binding energy can be given in by formulas (7.57), (7.58), and (7.59) in [17] .
The Landé g-factor of an atomic level is related to the energy shift of the sublevels having magnetic number M by
where B is the magnetic field intensity and B µ is the Bohr magneton. The Landé g-factor of a level, denoted as αJ, belonging to a pure LS-coupling term is given by the formula
This expression is derived from vector coupling formulas by assuming a g value of unity for a pure orbital angular momentum and writing the g value for a pure electron spin (S level) as s g [18] . A value of 2 for s g yields the Landé formula. The Landé g-factors for energy levels are a valuable aid in the analysis of a spectrum.
An electromagnetic transition between two states is characterized by the angular momentum and the parity of the corresponding photon. If the emitted or absorbed photon According to HFR method [17] , the total transition probability from a state ' ' ' M J γ to all states M levels of J γ is given by 4 2 2 3 0
and absorption oscillator strength is given by 2( ) 3(2 1)
where S is the electric dipole line strength 
Results and discussion
We have here calculated the relativistic energies, Landé g-factors and lifetimes for the levels of 5p 6 nf (n = 4 − 30), 5p 6 np (n = 6 − 30), 5p 6 nd (n = 5−30), 5p 6 ng (n = 5−30) and 5p 6 ns (n = 6 − 30) configurations and the transition parameters (wavelengths, oscillator strengths, and transition probabilities) for electric dipole (E1) transitions between these levels in Ce IV using HFR [19] The results for energy levels and Landé g-factors of Ce IV have been reported in Table   1 and Table S1 (see Supplementary Material, Table S1 ). Table 2 and Table 3 report the radiative lifetimes for some excited levels outside the core [Xe] in Ce IV. for atomic data in Table S2 (see Supplementary Material, Table S2 ). Table S2 consists original outputs including all electric dipole transitions between 5p 6 nf (n = 4 − 30), 5p 6 np (n = 6 − 30), 5p 6 nd (n = 5−30), 5p 6 ng (n = 5−30) and 5p 6 ns (n = 6 − 30) configurations obtained from HFR calculations.
We have presented our calculations using the RCN, RCN2, RCG and RCE chain of programs developed by Cowan [19] . The HFR option of the RCN code was used to derive initial values of the parameters with appropriate scaling factors in the code RCN2. The RCE can be used to vary the various radial energy parameters E av , F k , G k , ζ, and R k to make a least-squares fit of experimental energy levels by an iterative procedure. The resulting least-squares-fit parameters can then be used to repeat the RCG calculation with the improved energy levels and wavefunctions [19] . Transition parameters were calculated by the RCG code after the fitting of energy parameters. In calculations, the Hamiltonian's Table 1 and Table S1 . In tables, the results obtained have been given energies
We have compared our results with previous works [11, 13, 14, 20] in Table 1 . Only energy results of the 5p 6 4f (n = 4−6), 5p 6 np (n = 6, 7), 5p 6 nd (n = 5−8), 5p 6 ns (n = 6−8), and 5p 6 ng (n = 5, 6) excited levels are compared with experimental [20] and theoretical [11, 13, 14] results. Most of our energy results are in good agreement with others. Moreover, we have calculated [|E this work −E other works |/E other works ] × 100, the differences in per cent, for interpreting accuracy of our results. In calculations, differences (%) between our results and other experimental works [20] have been found in the 0.00−0.02 range except the energies of 5p 6 5f 2 F o 7/2 and 5p 6 6d excited levels. When the differences (%) between our results and other theoretical results [13] are investigated, the differences in energies are in range of 1.28−4.57, 1.31−4.57, 1.30−4.57, and 1.29−4.57 for calculations A, B, C, and D, respectively. For energies of 5p 6 5d excited levels, there is very little discrepancies. The differences (%) between our results and other theoretical results [14] (indicated by the superscript c in Table 1 ) are in range of 0.00−0.71 for calculations A, B, C, and D. The differences (%) between our results and other theoretical results [11] (indicated by the superscript d in Table 1 ) are in range of 0.00−1.35, Table S1 . Our new energy levels and
Landé g-factors are reliable since the results in presented Table 1 are in excellent agreements with other works. Table 2 and Table 3 report the radiative lifetimes for some excited levels outside the core [Xe] in Ce IV. These lifetimes were calculated using formula (6) , considering all possible transitions from the listed levels to lower ones. The lifetimes computed are compared in Table 2 with other available theoretical results and with experimental values for the 5p 6 5d and 5p 6 6p levels of Ce IV. As seen from this table, the lifetimes obtained from the calculation B are in agreement with other works. Moreover, new lifetimes for 5p 6 nf (n = 5 − 30), 5p 6 np (n = 7 − 30), 5p 6 nd (n = 6−30), 5p 6 ng (n = 5−30) and 5p 6 ns (n = 7 − 30) configurations of Ce IV are presented in Table 3 . for the mean ratio log gf (this work) / log gf [14] . The available theoretical transition probabilities are only two work in the literature [13, 14] . are added that is, considering the core correlation which is from excitations core subshells.
But this case occurs some program constraints or convergence problems.
Conclusion
It is well known that the correlation, relativistic and radiative effects all play important roles in fundamental atomic theory. The main purpose of this paper is to perform the HFR calculations for obtaining description of the Ce IV spectrum. Especially, in spectrum synthesis works, particularly for CP stars, accurate data for transition parameters for lanthanides are need to establish reliable abundances for species. These energy data and Landé g-factors for Ce IV can be useful in investigations of some radiative properties, and interpretation of many levels of Ce IV. 
